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This dissertation focuses on ultra-high sensitive detection technology. 
Time-resolved Fluoroimmunoassay (TRFIA) and immuno-PCR are two such tools 
that are applicable to detection of very low concentration of antigen, antibody and 
pathogenic microorganism. And this dissertation consists of three parts, including a 
brief review of ultra-high sensitive detection technology, the synthesis of BBCAP and 
preparation, application of multiplex core-shell fluorescence nanoparticles; and 
development of phage-mediated immuno-PCR. 
In chapter one, the basic principles and highlights of different kinds of 
ultra-sensitive detection technology are reviewed. The late development in TRFIA and 
immuno-PCR for protein detection are summarized. And finally the research proposal 
for this dissertation is presented. 
In chapter two, we first describe the synthesis of a new lanthanide chelate: 
2,9-bis[N,N-bis(carboxymethyl)aminomethyl]-1,10-phenanthroline (BBCAP) could 
bind both Eu(III) and Tb(III) and display their respective fluorescent. BBCAP was 
covalently linked with 3-aminopropyl(triethoxy) silane to form silica nanoparticles in 
the presence of precisely controlled ratios of Eu(III) to Tb(III). The nanoparticles thus 
prepared could have specified ratios of luminescence intensities at two well-resolved 
emission under a single-wavelength excitation. After comprehensive characterization 
with respect to their fluorescence lifetime, photostability, thermostability, and chelate 
leakage, practical use of these nanoparticles was evaluated in a time-resolved 
immunofluorometric assay of human hepatitis B surface antigen (HBsAg). The 
detection antibody was labeled with the Tb(III) silica nanoparticles using a 
site-specific labeling strategy that allows the binding sites of the labeled antibody 
orient away from the nanoparticles and toward the antigen. The detection limits, 
calculated with the concentration corresponding to three times of the standard 
deviations of the background signal, was 35 pg/mL. The upper limit of the calibration 
curve was ca 200 ng/mL. The coefficient of variation (CV) across the whole range 
was below 8.9%. In comparison, under the same conditions, the detection limit of 
ELISA was 200 pg/mL and the upper limit of the calibration curve was ca 10 ng/mL. 














In chapter three, we described an ultrasensitive immunoassay for detecting HBsAg 
via immuno-PCR using phage-antibody complex. We chose T7 phage as a natural 
DNA containing nanoparticle to develop immuno-PCR. The phage was first activated 
with sulfo-SMCC in sodium phosphate, while antibody was thiolated using Traut’s 
reagent in a non-amine-containing buffer. The activated phage and the thiolated 
antibody were mixed immediately, after reaction overnight at 4 °C, the mixtures were 
purified by Pall filter, resulting the phage-antibody complex. Regular PCR tubes were 
activated using 1% glutaraldehyde, and then coated with antibody. The results showed 
that there’s a linear range from 1000 ng/mL to 0.01 ng/mL for HBsAg. The detection 
limit was ca 0.1 pg/mL. HBsAg was examined in sera from Hepatitis B patients and 
negative control using both immuno-PCR and ELISA, and the results showed 
immuno-PCR correlated well with ELISA.  
Key words: luminescent nanoparticles; time-resolved immunofluometric assay; 
phage; immuno-PCR 

























(Radioimmunoassay, RIA)[1,2]，荧光免疫分析(Fluorescence immunoassay, FIA)[3]，
酶 免 疫 分 析 (Enzymatic immunoassay, EIA)[4-6] ， 化 学 发 光 免 疫 分 析
(Chemiluminescent immunoassay, CLIA)[7,8] 及 时 间 分 辨 荧 光 免 疫 分 析
(Time-resolved fluoroimmunoassay, TRFIA)[9-12]，胶体金-银免疫分析(Colloidal 
Gold-silver immunoassay)[13-17]，免疫磁珠（Immunomagnetic beads）[18-21]，复
























中的纳米金粒子称为胶体金，表面带有负电荷。研究胶体金 早追溯到 1857 年
的 Faraday，被认为是胶体金研究的先驱。1962 年 Feldherr 第一次介绍了胶体金
可作为一种电子显微镜水平的示踪标记物[28]。1971 年，Faulk 和 Taylor 首次用
免疫金标技术研究沙门氏菌壁细胞抗原成分，将胶体金与抗体结合，应用于电镜
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